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(54) •TIN ELECTRO-PLATING SOLUTION 

(71) We,· SUMITOMO ELECT.RIC 
INDUSTRIES, LTD., .. a Japanese Body 
Corporate, of, 15, Kitahama 5-chome, 
Higashi-ku, Osaka, Japan,. do hereby 

5 deCiare the invention, Jor wltich we· pray 
that a patent may be granted to us, and the 
method by wh.ich it is-to.be. performed, to 
be . particularly described in and by the 
following statement:- . . . ·. . 

10 The present invention relates to a· novel · 
tin-C?lectroplating s.olution. . . . . 

. Tm~platmg solutions that haye previously 
been used .are mostly a,sulpJturjc acid bath 
or flµobofate bath. However, a. sµlphuric 

15 acid bath has a lirnitation ·that about . lO 
.A/dm2 is the maximµm .value,. of cathode 
· current. density· for it, while,:a "fl:uoborate 
bath has the disadvantage that it is difficult 
to remove fluorides and b.orides • when 

20 disposing of the waste liquid and that the 
solution is strongly corrosive. 

The present invention relates to a tin­
plating solution (I) which,cont~ins from 30 
to 300 g/I of sulphamate ions; 15 to 300.g/lof 

25 divalent tin ions, and 5 to ·100 8/1 of an 
aromatic sulphonic acid. h~vin:g either an 
-OH radical or an -OH r~ical and. a 
-CH3 radical on the aromatic nµcleus; or a 
salt thereof. A non-ionic or ani<mlc surface 

30 active agent may be added to :thei,. ~ore­
m en ti one d plating solution (I). 
Furthermore, animal glue orgela,tin may.be 
added to the plating solution. {1) .... · ·. . . . 

The source of sulphamate joq~ may be 
35 any compound that produces sillphamate 

i()ns in an aqueous solution. For example, 
sulphamic acid, sodium .. sulpll.amatEi; 
potassium sulphamate or ~"°monium 
sulphamate may be used. The 

40 concentration of sulehonic acid ions is from 
30 tc;> 300 g/l. If it ~s ·less than ,30 g/l, the .. 
concentration of tin in the · plating 
electrolyte cannot .b~. -mai~t.a~n:ed 
suJficiently high and the. elec~r~c . 

45 conductivity is poor. A concentratiOn :in 
excess of 300 g/I will riot have any pa1'icular 

· adverse effect, but such a concentrati~n ·is 
unnecessary. . 

The divalent tin may be . add.cf in , the 

form· of stannous oxide, stannous sulphate 50. 
or stannous chloride. and the concentration 
of divalent tin ions is from 15 to 300 g/L If 
the concentration is less than 15 g/(, the 
electro-deposited tin· will not have a 
sufficiently good smoothness, and the 55 
cathode current density cannot be 
irt"aintained high enough. A concentration 
in excess of 300 g/l will not have any 
. particular adverse effect. but the loss of tin 
carried out by the solution is great. Usually, 60 
therefore, it is advisable .to use a 
concentration within the afore-mentioned 
range. 

The aromatic sulphonic acid is preferably 
cresol sulphonic . ·acid. phenolsulphonic 65 

· acid, naphthol· sulphonic ~cid, or a salt 
thereof. The concentration is from 5 to 100 
g/l. If the concentration is less than 5 g/I, 
their stabilizing effect will not be 
sufficiently high. A·concentration in excess 70 
of I 00 g/I will have ilo particular ·adverse 
effect, but such· a concentration is 
unnecessary .. The salts of these .acids. for 

. example, the sodium salts and potassium 
salts, are also effective when used in a 75 
concentration within the ab9ve range. 

Furthermore, their ortho-, meta- and 
para- isomers are also similarly effective. 
Generally, these products are synthesized 
as mixtures of such isomers, and it is 80 
possible to use them regardless of whether 
they are in the form of a mi:tture or whether 
they .are in the form of a single product. 
. : Examples of non-i9nic surf ace active 
~gents· are polyethyleneglycol-nonyl phenyl 85 
ether, polyethyleneglycolisoctyl ether and 
polyethyleneglycol-lauryl ether. 
Particularly pref erred are those in which 
the ethylene oxide addition mol number is 5 
or more, since those in which the number is 90 
less than 5 have poor solubility in water. 
Examples of anionic surf ace active agents 
are sodium n-octyl sulphate and others. If . 
the concentration of the surf ace active 
agent, in terms .of its pure component. is l 95 

. g/I or more, its smoothening effect is usually 
remarkable. If the concentration is less 
than 1 g/l,:it still has a smoothening effect, 
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but the effect is generally not suf cient. If 
the con~entration is in ex<;:ess of 0 g/l, it 
does not present any particular robI-ems 
with respect ~o the propertie of the 

5 eledro-,depos1ted layer, but such a 
concentration enhances the oaming 
property · .of. the plating sohitio and is 
unnecessary. · ..... ·. . 

It ~s also possible .to obtain smooth 
. I 0 electro-deposit by using animal glue or 

gelatin instead of using a si.frfa e. active 
agent. The optimum quantity o · glue or 
gelatin to be added is from I .to 0 g/l. Its 
addition in a quantity o_utside of his range 

15 does not present any particular ifficulty, 
but a sufficient smoothening eff e t can be 
expected from an addition of quantity 
within the above range. . · 

When. plating is effected wi the.· tin 
20 plating solution of the present nventioil, 

preferably a temperature within he range 
of from 5 to 80°C is used and n electric 
current density within the range of frqgi ·l 
A/dm2 to 100 A/dm2 is- e ploy.ed. 

25 Preferably, when the ·electri current 
density . is not less than 2 Aid 2, stirring 
should be carried out. . • · . . · 

The present invention will he. described· 
in further detail with ref eren e to the 

30 following Examples. · 

35 

Example 1 
Divalent tin (as stannous . 

oxide) 
Sulphamic acid 
Polyethylene glycol 

nonylphenyl ether 
(ethylenoxide average 
addition mol number 14) 

· Orthocresol sulphonic acid 

70.2 g/l. 
210 ; g/l 

· .. r 

20 g/l 
40 g/l 

40 An electro-d.epositing solut. on· of'1ithe 
above compos1t1on was use . Electro­
deposition was effected onto a pper plate 
at an electric current density f 25 A/dm2 

for 50 seconds at atemperature f 30°C; An 
45 electro-deposit having a smo th surface 

was obtained in this way. 
Electro•depositiop was also e ected onto 

annealed copper wire of a di meter. of l 
mm usin~ this electrodepositin solution at 

50 an electric current density of 5 A/dm1 for 
50. seconds at a temperature f 25°C. An 
electro-deposit having a plati g thiekness 
of IO microns '.Nith variations i the plating 
thickness not exceeding I icron w-as 

55 obtained. This ·product h d a.. good 
resistance to corrosion ·and carcely aii:y 
change in its colour wa.S obse ed after it· 
had been left standing in a roo for 1 year. 
Its soldering properly· was also found 

60 perfect· and no swelling at. · the solder 
wetting edges w~ observed. · · · 

. . . 
Example·2 

Instead of polyethyl n eglycol-

nonylphenol ether used in Example l, l 0 gli 
of either polyethyleneglycolisoctyl ether or 65 
pi::ilyethyleneglycol-lauryl ether or sodium 
n-octyl sulphate was added, a)ld plating was 
effected under· the same conditions aS ~in 
Example 1. As a result, ·an electro-deposit . 
whic? was as good as.that of Example 1 was~70_ 
obtamed. · · .._,..,,. 

Example 3 
Divalent tin (as stannous 

oxide) 
Sulphamic acid 
Polyethyleneglycolnonyl­

phenyl ether (ethylene 
oxide aver~ge addition mol 

50 g/l 75 
82 g/l 

. number 10) . 
Orthophertolsulphonic acid 

10 g/l 
20 g/l 80 

An electr()-depositlilg . solution of the 
abo.ve composition · was used. Electro­
plfiting w~ effected onto _annealed copper 
wire of a diameter of. 1.2 mm at 20°C for 4 
minutes with a current density of5 A/dm2

• 85 
The electro-deposit ootained. ·in thi~ way 
had a smooth appearance. Whel'). the 
plating layer was heated and melted, no 
swelling was· observed on the border 
between the moltel).'·: part and _the non- 90 
molten part. No sparking i.e. sparks of fire, 
was observed on ·melting wheri the tin-

. plated wire was put into a flame. In view of 
these properties, the tin..:ptatfo.g bath of the 
present . invention is superior to the 95 
sulphuric acid ba~h and fluoborate baths 
that have previously been used. 

Example 4 
Divalent tin (as stannQus 

sulphate) 
Sulphamic acid 
Polyethyleneglycolnoayl­

phenyl · ether (ethylene 
oxide average addition mol 

· nli.mber 85) 
Cresolsulphonie acid 

114 g/l 100 
100 g/l 

5 g/l 105 
30 g/l 

An · electro-depositing solution of the 
above_ composition was used. Electro:.. 
plating . was effected onto a copper plate 
with an electric current density of 20 A/dm2 110 
at a ·temperature of 25°C; The electro­
deposit obtained in this way had a smooth 
appearance.' · 

Example 5 
Divalent tin (as stannous 

chloride) . 
Sodium sulphamate . 
Sulph_atrtic acid . 
Polyeth)'leneglycolnonyl;. 

phenyl ether · (ethylene 
oxide- average additfon mol · 
number IO) . 

Orthopheriolsulphonic ·acid 

. 40·g/l 
16_g/l 
20· g/l 

lQg/I 
20 g/1 

115 

120 

v 
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An electro~depositing solution of the 
above ·· composition was used~ Electro­
plating was.effected onto· annea}ed copper 
wire ·of a diameter of 1.2 inin' af a· current 

5 density· of 5 A/dm2 for·2 minutes at 20°C. 
!he ~emi .. lustrous electr.o-dep?sit obtained 

. m thts way had a platt!lg thickness of 5 
-.,,,,..: microns. It showed good tesults when 

tested for soldering properties. 
10 The results of the tests for s~ldering 

properties of samples prepared . by the 
method. of this ·Examfle show that they 
possess the property a solder wetting and 
that they are entirely free from.· swelling at 

15 · the edges of the solder wetfiQg. · 
The electro-deposit obtained' by plating 

at a current density of 10. A/dm2 for 2 
minutes had a plating thickness of 10 
. microns. Although it had no lustre, it had a 

20 smooth surface and gave good result~ w.hen 
it was subjected to the tests for· soldering 

pr~b~rt~:~uits·: of the· tes~~:: 'ror soldering 
properties of samples pfep~red • by ·the 

25 method .of this: Example sho\4'.that they ·are 
entirely free· from. swelling at the .edges of 
the solder wetting; · . . 

·· Elec.tro-deposits having a good · smooth 
·surface were thus obtained. 

·'Of the electro-depo11its obtained in this 
way, one of thickness of 10 microns 65 
prepared by deposition at 10 A/dm2 for 2 
minutes, was subjected to a soldering test . 
. As a result of the test, it was found that it 
possessed perfect soldering properties~ No 
swelling at all occurred at the edges of the 70 
solder wetting. · . . 

. To prepare this el~ctro-d~positing 
solution, sulpham1c acid and 
cresolsulphonic acid were first dissolved in 
the · prescribed· amount of water and 75 
stannous oxide was added to the solution 
and dissolved. Then, gelatin which had 
previously been swollen· with water (about 
100 ml of water is adequate for 5 g of 
gelatin) was added ~nd mixed with stirring. 80 

· · · Example 7 · 
Instead of the gelatin used in Example 6, 

5 g/I ·of animal glue was used. Plating was 
•effected under conditions within the same 
range of conditions as in Example 6, and an 85 
electro-deposit as good as that of Example 
6 was obtained .. 

Comp'arative: Example Example 8. . 
To illustrate the conventional method of Instead of orthophenolsulphonic acid 

30 plating electro-plating was· carried out with u s e d in E x a mp 1 e 3 , 2 O g /1 of 90 
an ' electrol:Yte which had 'the following ·. parapltenolsulphonic acid or 27 · g/l of 
composition. : · · · · · ., ~;: · · sodium paraphenolsulphonate was added. 

Divalent tin (as stannous 
fluoborate) 

35 Fluoboric acid 
: ' 81 g/l 

100 g/l 
25 g/1 

:Plating was effected under conditions 
within the same range of conditions as in 
Example 3; and an electro-deposit as good_ 95 
as that of Example 3 was obtained; 

40 

45 

Boric acid · 
Gelatin ( disp~rsed after being 
· swollen with water) · · · . 

/3-Naphthol (dispersed as an · 
. alcoholic solution) . 

6 g11 ·· 

1 g/1 

The temperature" .of the solution was 
25°C and the cathode. cuirent density 40" 
Ndm2

• Platii:,J.g was effected . onto soft 
copper wire of a diameter of ·o.6 mm for 2 
minutes,, while stirring the · sohition. A 

.. Example 9 
:Instead of orthocresolsulphonic acid 

used'. in Example I, 45 g/l of sodiu~ 1~ 
nap·hthol-4-sulphon.ate or 45 g/l _of sodium 
1-naththol-5-sulphonate was used .. When 
plating was effected under conditions 
:within the same range of conditions as in 
Example I, an electro~eposit as good as 
that of Example l was· obtained. 

plating layer of 10 miero.ns was thus ·'·' E · 1 10 
obtained. This .'product had a ·.good . · . xamp e 
appearance, but a large number of swellings .Diva.lden)t tin (as s.tannous . 

100 

105 

occurred when it was heated for 30 minutes S 0
1 xhi e . .d 

50 at 180oc. . ~.P amic aci . . 
Example 6 Orthocresolsulphomc acid. 

90 g/1 
220 g/J 
60 g/l 110 . 

55 

60 

Divalent tin (as stannous 
.. oxide) 
Sulphamic acid 
Gelatin 
Cr~sohmlpltonic acid 

45 g/-1 
1$2 g/l 

5 g/1 · 
20 g/l 

An electro-depositing solution of the 
above composition was used. Plating. was 
effected, with stirring, at 20°C at.~ cathode 
current density of 1 Ndm2 to 50 Ndm2 onto 
soft copper wire of a diameter of l.2 mm. 

. *n electro-~epositing solution of the 
above compos1t1on was used. Eleetro­
deposition was effected at a temperature of 
30°C and a cathode current density of 5 
·Ndm2 for 3 minutes on a copper plate. An 115 
electro-deposit having a good smooth 
surface was ·thus obtained. 

In all of these Examples, the material to 
be plated was subjected to the following 
pretreatment before plating. 120 
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. It was first subjected to cathode 
electrolytic degreasing for minute at an 
electric current density of 5 Ndm2 at a 
solution temperature off ro 60 to 80°C in 
an alkaline degreasing soluti n consisting of 

caustic soda 
sodium carbonate 
sodium phosphate 

15 g/I 
40 g/I 
30 g/I 

and then rinsed with wate . Then, it was 
immersed in a 200/c . aque · s solution of 
s~lphuric acid for J'o. seco ~s, and rinsed 

. with water. After that, pla 1ng was made 
under the conditions me tioned in .. the 
Examples respectively._ · ; , 

In the Examples where n. a non-ionic• 
surface active agent :or nioilic ·surface' 
active agent was used, sue an agent was· 
used after previously addin · thereto water 
in an amount of 3 to 20 time the volume of 
surface active agent.and ini ing by stirring. 

Al~ the test~ of solde ing properties 
earned out in the. Ex mples were 
ccindu.cted · in accorda ce with the 
MIL-Specification-20i · 

WHAT WE CLAIM IS: 
I. A tinplating solut~on hich contains 

from 30 to 300 ·g/I of.sulpha ate ions~ .15 to 
300 g/I of divalent tin ions, nd 5 to 100 g/I 
of an aromatic sulphonic ac d havirig either 
an -OH radical or an ~ ·radical and a 
-CH3 radical on the aroma: ic nucleus, or a 
salt thereof. . . .. . . . · · . · 

. . 

5. A tiri~plating solution as claimed in 
claim 1 which includes therein 1 to. lOg/I of 
animal glue or gelatin. ·· · 

6. A tin-plating solution as claimed in any 
one of the preceding claims wherein the 50 
sulphamate ions are derived from 
sulphamic acidi, sodium sulphamate,._...._ 
potassium sulphamate or ammonium~· 
sulphamate. 

7. A tin-plating solu~ion as claimed in any 55 
one of the preceding:: claims wherein the 
aromatic sulphonic acid or the salt thereof 
is cresol .sulphoriic · acid, phenol sulphonic 
acid, naphtJtol sulphonic acid or a sodium 
salt or potassium ,salt thereof. 60 

8. A tin-plating· solution as claimed in any 
one of. the preceding claims wherein the . 
divalent tin ions are provided stannous 
.oxide, stanrwus sulphate or stannous 
chloride. · 65 

9. A. tin-platirig solution as claimed in 
Claim I substaatially as hereinbefore 
des.cr~bed with. reference to any orie of the 
·Examples .. 

ro.: A method of plating a surf ace with a 70 
deposit . of tin which method comprises 
electrodepositing a deposit of. tin onto a 
substrate from a:n electroplating bath · 
~ontaining a tin-plating.solution as claimed 
m any one of the .pr-eceding claims. 75 

1 L A method as. claimed in claim 1 O 
wherein the. elect.ro-deposition is effected 
·at a temperature in the: range of from 5 to 
80°C and a current density in the range of 

2. A tin~platirig solutio as claimed. in 
· claim 1 which includes ther" in from 1 to 30 

35 g/I of a non-ionic or aniorii surface active 
agent. 

from 1 Afdm2 to 100 Afdm2
• 80 

12. A method as ·claimed in clairri 10 
substantially as hereinbefore describedwith 
reference to any one of the Examples. 

13. _A tin-pl~ted. surface whenever 
prepared by a rrtethod .. as claimed in any one 85 
of claims 10 to 12. . 3. A tin-plating solutio as claimed in 

claim 2 wherein the no -ionic surf ace 
active agent is polyet yteneglycol-

40 !lonylphenyl ether, ·poly thyleneglycol- SUMITOMO ELECTRIC INDUSTRIES, 

1sooctyl ether or polyethyl neglycol-lauryl LJD., · 

45 

ether. · · · · · · Per: Boult, Wade & Tennant, 

4. A · tin-plating solutio ~ claimed in 34 Cursitor Street, 
claim 2 wherein the anioni surface active London, EC4A lPQ. 
agent is sodium n-octyl sul hate. Charte,red Patent Agents. 
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It was first subjected to cathode 
electrolytic degreasin~ for 1 minute at an 
electric current .. density of 5 A/dm2 at a 
solution temperature of from 60 to 80°C in 
an alkaline degreasing solution consisting of 

caustic soda 
sodium carbonate 
sodium phosphate 

15 g/I 

~~ 
and then rinsed with water. Then, it was 
immersed in a 200/o aqueous solution of 
sulhhuric acid for 30 seconds, and rinsed 
wit water. After that, plating was made 
under the conditions mentioned in the 
Examples respectively. , 

In the Examples wherein_ a non-ionic• 
surf ace active agent or anionic surf ace' 
active agent was used, such an agent was· 
used after previously adding thereto water 
in an amount of 3 to 20 times the volume of 
surface active agent and mixing by stirring. 

All the tests of soldering fcroperties 
carded out in the Examp es were 
conducted iil accordance with the 
MIL~Specification-202 C. 

WHAT WE CLAIM IS:-
1. A tinplating solution which contains 

from 30 to 300 g/I of sulphamate ions, 15 to 
300 g/I of divalent tin ions, and 5 to_ l 00 g/I 
of an aromatic sulphonic acid havirig either 
an -OH radical or an -OH radical and a 
-CH3 radical on the aromatic nucleus, or a 
salt thereof. 

2. A tin-plating solution as claimed in 
claim 1 which .includes therein from 1 to 30 
g/l of a non-ionic or anionic surf ace active 
agent. 

3. A tin-plating solution as claimed in 
claim 2 wherein the non-ionic surface 
active agent is polyethyleneglr,col-
~onylphenyl ether, polyethyleneg ycol-
isooctyl ether or polyethyleneglycoJ-lauryl 
ether. _ 

4. A tin-plating solution as claimed in 
claim 2 wherein the anionic surface active 
agent is sodium n-octyl sulphate. 

5. A tin-plating solution as claimed in 
claim 1 which includes therein 1 to. lOg/I of 
animal glue or gelatin. - · , 

6. A tin-plating solution as claimed in any 
one of the preceding claims wherein the 50 
sulphamate ions are derived from 
sulphamic acid, sodium sulphamate,. 
potassium sulphamate or ammonium('_). 
sulphamate. · 

7. A tin-plating solution as claimed in any 55 
one of the preceding claims wherein the 
aromatic sulphonic acid or the salt thereof 
is cresol sulphonic acid, phenol sulphonic 
acid, naphthol sulphonic acid or a sodium · 
salt or 1;1otassium salt thereof. 60 

8. A tm-plating solution as claimed in any 
one of the preceding claims wherein the 
divalent tin ions are provided stannous 
oxide, stannous sulphate or stannous 
chloride. 65 

9. A tin-plating solution as claimed in 
claim 1 substantially as hereinbefore 
described with reference to any one of the 
Examples. 

10. A method of plating a surface with a 70 
deposit of tin which method comprises 
electrodepositing a deposit of tin onto a 
substrate from an electroplating bath 
containing a tin-plating_solution as claimed 
in any .one of the preceding claims. 75 

11. A method as claimed in claim 10 
wherein the electro-deposition is eff ecied 
at a temperature in the: ran~e of from 5 to 
80°C and a current density m the range of 
from 1 A/dm2 to 100 A/dm2

• 80 
12. A method as claimed in claim 10 

substantially as hereinbefore described with· 
reference to any one of the Examples. 

13. A tin-plated st,irface whenever 
prepared by a method.as claimed in any one 85 
of claims 10 to 12. . 

SUMITOMO ELECTRIC INDUSTRIES, 
LTD., 

Per: Boult, Wade & Tennant, 
34 Cursitor Street, 

London, EC4A lPQ. 
Chartered Patent Agents. 
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